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1- Sound Power

2- Sound Pressure

3- Sound Intensity

4- Sound Power Level (PWL)
5- Sound Pressure Level (SPL)

6- Sound Intensity Level
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1- Navier-Stokes
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1- Particle Velocity



SoyS layiile jo 3g8 DlMasl § paalis

907 -0o dB

\'ﬂ
=
L]
< |

- |

|1
=
_;::;I-"
[=]
o]
[
=]
'

Fa bt
hl Ed K, . . rl
£ - f |]‘ LY i
- - . -

589,50 5 31 ool b g S (5,65 03ll i, (1Y) UK

Oguo ol 3l —F-)-Y
- oo o3litul 1 o8 5 Ygano 0l srmwg s Sk 035050 g g5 45 Ll
o, plp Ve Ojso 4 (F-1) alal) b Bllae Sgo pie S Sgo g8 515 bl ()l 00
(dD) Jogms o I3 53 Wy =105 W) Lo g0 5 & goie sl (S0 Ol S

e Do Glei 3l eanled cus i 4 Wi o WLy sloolad «(F-Y) alayl) (0 .00 5 co iy

[a] 5 [V] asl oo b Sgo Oy 5 cain Sy oy

w
=10log— f-y
Ly vy -7)

g HLid 5157 —O-)-Y

)L..M_‘B )‘).’ )‘ «Sgo )L.MB 6L’>44 Sgo )LM_Q ol S Zag 00 gdTo J.Jd EY ‘6’9“0 Q‘j—’ Jslea

D oo o3laiul (B-Y) abal, b gillas go

p p
L, =10log(——)* = ZOIOQ(F) (0-Y)
0

0

R



SoyS layiile jo 3g8 DlMasl § paalis

‘;W)LJJB)J&JQJFMJQ u}.o)l.wﬁ)‘)) «_9).&A w).aébcpo 9 Lp LsLQOLN (O-Y) 4.5491))0

[a] 5 [V] ams oo Lis o050 abais ,o |, S jLid Jlade P g oo Lice

Oiguo W | 5 —F-)-Y
lao Gl g sl jlion aiS oo 2l )0 (595 a5 (63, Jlade all jlis g Dal 4z e
G 5 Gt b g (goil a5 Cncs Liro oyl ol ol cpl b asS oo ules! ol |
(Jdo et 4y 090 c0 il g0 las gaily 09l plp 90 Dgo Dal (ST Ve il Alils i
DA 515 00,5 (e iy pa5 Dgo Dl 15 pl Ay (FeS g il Sl Gl S Gl e
So o3l Cad (Vo Glie) @m0 plp Vo &g a0 (P-) adal) b Billas alads O y0 Do

e se b g o1y :10*12W/m2)u,°o9,4 WD b g ygpe alali 40 Dgo A

L, =10 |Og|L ¢-Y)

0

3,90 4l ;0 Gigo AL WDgo G sl e gy g 1ol slaoks (P-Y) alal, o

[V] sl oo le g s g ks
Lz lalazxo jo Lgo b sl p S Wulg, -V-Y

l 3 ..*‘

oo HLaS 5155 g Wge plg 515 e aaaly -1-T-V
asazgi b Sgo jlid Sl L) s (le 515 (V=) adal) ¢ Jlie (5l 0508 b g0 jL2S 515
(i ewd s Seo Gl PWL cabaly cpl 1o 55le oo bas o Sso aude (605,18 Joxe

\Y



SoyS layiile jo 3g8 DlMasl § paalis

5wy Q (Fyo gt 5l alold) 6 pFoslasl glads I (o owd o> p Sgo ,Lid SPL

PWL = SPL —10log( Q 5
4ar

+£) (V-Y)
R

Q nolio .ol Fgo guie 625,18 Joe a4 (S ()] e a5 ol (6 506l,L (Q) Sz oy

3,5 yaas (V=Y) Jgoz @ 4z g5 b oles o |,

(2] iso e 6.5)1,8 o s 225 b Q Gilis jpolie :(V-Y) Jsor

Q ,ludo (9 90) & g0 gaso (35 51,8 Joxo

ile gdan 3l aS wll laisS 4 Jgo aie S

\
Dol oo dlie Dgwo
ol 423,518 S0 Slo whaw 59, » (Fee e
Y w55 )5 B GS g5, 5 Sy BT Lo o Sl
0y 50 5 Sy (SUI S g9y p (Feo g S

f
il 4 S 15 T sloels 5l s
K 50 55,5 BB S 65, » (Fao gie S

A
il a5 o slaasss

Lg‘)_, R ] QLM..» S QT ud.}d..:)él.‘) 6rfo)|m1bm61) 6’9‘9 Q‘J.a.a éﬁ‘j)bRw].o

o iy (AY) by &0 & 5 035 laoee S sl D50

(A-Y)

\Y




SoyS layiile jo 3g8 DlMasl § paalis

sz_afo)‘d_" alhass )‘ ‘S&LMAAI 9 cuaL> oole g_i: LS‘J" oo ud.> w).o a; g(/\-Y) dJa;‘) 3o

w)_wsuuLw‘ua‘fo&;souuéaﬁ)mw)ajowod.u»y).E).b)s.ooél.o.‘a.ws.s45w‘

Mﬁéﬁfo)\m‘&wwwdf A QT)QASCA.M:‘ @yl J;Le 1-Y) dJa;‘) Sy9e 4 R

DSbse e o

R=— (A-Y)

oy DS oo i |y oal i Dgo JolS jsb 4 T o lgs a5 (5,5 05luil absaze S (5l
4o ol ol a5 (6 S oslail aladore SO (gl e gl o 48,5 Ll o Sl o b ol R

[a] 5gi oo 48,5 a5 30 oo b ply R cu o 05 oo oSiaie | 00 jitie g JolS j5bo

Ogueo HLid g Lgo Wil b kulgy -Y-Y-Y
- ol piiie Ggo pled 45T ulSal 9o GBI L 5L (clad ubas) wlSasl adlé o1 slas o
(L (Dgo Jlid Jlade caims Gl iy 4 1 g C p op slrolad alaly pl ol (1,8

| = (1)

p?
oC
Lo j0 (olie 0 058 o Jol> (L)) Sgmo ol 55 «(Vo=Y) 9 (P-Y) Ly, S 5 L

20,5 oo Gl (N alaily Oj90 4 (Sgo jLid g Do DD Gl alal) Sl

\Y-Y)

\¥



SoyS layiile jo 3g8 DlMasl § paalis

'y ol Sl gy Byme a5 Ky, ey Ly (V=Y alal) wb 6 Sojlul sladame Lo o

[V] o)ty (K o il Lo —lSail (sl 5509 4y s 5 (sl 5,5 s sl
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Abstract

Claw pole transverse flux permanent magnet motor (CPTFPM) presents high power
density and efficiency but due to existing abnormal saliency, it may offer relatively
large vibration and acoustic noises. Therefore the electromagnetic vibrations and noises
of a CPTFPM are investigated in this thesis. It is shown that the main electromagnetic
sources of vibrations and noises i.e. the saturation level, flux distribution, radial force
and torque ripple of the machine are strictly related to the shapes of the teeth and pole
shoes of the stator and the flux concentrators of the rotor. For the purpose to reduce the
electromagnetic sources of the vibrations and noises of the machine a novel CPTFPM
with particular shapes of teeth and pole shoes is introduced and the design procedure is
formulated. Using presented formulas a sample motor is designed. It is shown that using
some geometrical modifications in the inner part of flux concentrator and the air gap of
the designed motor can reduce radial force and torque ripple significantly. The
performance of the motor is investigated by carrying out electromagnetic, structural and
frequency analysis using finite element method and the sound pressure level of the
motor is calculated. Finite elements (FE) simulation showing excellent performance of
the designed motor regarding the saturation level, flux distribution, radial force, torque

ripple, vibrations and acoustic noises.

Keywords: Claw Pole Transverse Flux Permanent Magnet Motor, Radial Force,
Saturation, Torque Ripple, Vibrations and Noises.
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